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Agenda

— 10:00 Welcome and Introduction
— 10:30 Definition of Terms and discussion for goals and precision
— 11:00 Raster-scanning beam application at GSI

~ 1110 Coffee brea

— 1130 Concept for dosimetry with raster scanning at GSI

Including: Correction factor for HZE-particle and the MC-approach

— 12:30 Existing Instrumentation for beam monitoring and dosimetry at GSI:
Presentation and hands-on

— 13:20 Lunchbreal

— 14:00

— 14:45

— 15:00

— 1530

— 16210

— 16:40

— 17:00

Visit Cave A

Optionally a visit of the viewpoint for FAIR construction site
CERN concept for dosimetry

= CERN beam line operation, layout and existing beam instrumentation
= CERN diode system for dosimetry: experience with VHE ion beams, status and plal

Coffee break

University Oldenburg contribution

= [nstrumentation and ideas for dosimetry equipment at CERN
s PTW Octavius for HEZ (high energy and Z) irradiation (content of the GSI PAC prop

First Discussion: How to make CERN and GSI dosimetry comparable?

First ideas for an dosimetry benchmark experiment (which field, ions, etc.)

Next steps

Closing

N —
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GSI Biophysics: Preparation for Carbon lon beam therapy project (1995)

Animal experiment in Cave A, first time ,good dosimetry’

Comparison of extended Bragg peaks for Protons und 2Cions
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Preparation for Carbon lon beam therapy project (1997):

A big team from GSI , Forschungsz. Rossendorf , Heidelberg University Clinic and DKFZ

GSI accelerator

[ —

DKFZ Heidelberg

,, We measure Dose and derive Fluence “

FZ Rossendorf (PET) (g T
- GSI Blophy5|cs : ‘
,,We measure Fluence and derive Dose”

i

C
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GSI Biophysics: Carbon lon beam therapy project (1997 - 2008)

—————————————————— )

440 patients in 11 years
Brain tumours
Clinically very successful

with a dose of 60 Gye
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GSI Biophysics: Long history of beam application by raster scanning,
precise dosimetry and beam characterisation

R—O

aster Scanning beam application | Setup and patient

positioned on a
treatment table for
Carbon lon Therapy
(Photo from late 90s)

Precise 3D dose application for ion beam therapy
Dedicated beam monitoring detectors
=» Good infrastructure for radio biology and radiation hardness experiments

N Setup:

Radiation tests for the AMS
spectrometer (ISS) at GSI, CaveA

q Setup Preclmlcal |rrad|at|ons (mlce) for carbon FLASH experiments (2023)
|
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Definition of Terms and discussion for goals and precision

Dosimetry in Radio Therapy

Medical radiation dosimetry involves measurement, calculation, and assessment of the
quantity and quality of ionizing radiation exposed to and attenuated by the human body

: 3%
Absorbed dose D is a dose quantity which is the measure of the energy E deposited Accuracy E

(not for RBE)
in matter by ionizing radiation per unit mass.
Dose : AE/Am=AE/(AV p) Unit: Gy=J/kg ; \/ Applicable for
HEARTS
Dose rate: dD /dt Unit: Gy/s
Radiation Protection (Equivalent Dose) Hp = Z W - Dp.p
with weighting factors R
Biologically equivalent dose (RBW) : [GYE] or [Gy biol. equ.] ;
Q/) RBE protons := 1.1 ; Carbons:typ 1.1-3.0
I v 7
o
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https://en.wikipedia.org/wiki/Matter
https://en.wikipedia.org/wiki/Ionizing_radiation

,Dosimetry” (WpP4) for Hearts

Broader Meaning: , Characterisation of the radiation field”

Absorbed dose D as defined in clinic Dose , absorbed energy E per mass

* absolute Dose : D=AE/Am=AE/(AV p) [Gy=J/kg];
* relative Dose (distribution) : D(X,Y,z) ~ D pcoite(X,Y,2) , but less precision in the absolute value (e.g. film measurements, Octavius)

Particles / area : Fluence ® or F

* Fluence : @ = jons/ area [1/cm?] , isalways a mean value (statistical hits)
*  Fluence distribution . ®(x,y,z) (e.g.inthe pencil beam or scattered beam)
* Flux (particle flux) : )= ions / (area xtime) [1/(cm?/s)]

Energy spectra

e Spectra: dN/dE (Z, E) ; Z different species in a mixed field; relevant for GCR spectrum
* Double differential spectra: d?N/(dE dB) (Z, E) ; relevant for strongly scattered fields

* Lineal spectra micro dosimetry: lineal energy y [eV/um] dE/dL energy (one event, mean chord length , random intersection)



Definition of Terms and discussion for goals and precision

,Dosimetry” (wp4) for Hearts <)

Referenz Conditions for Dose measurement

Accuracy: (proposal)

Dose accuracy: +5% (at normal intensities) l
Depth of measurement z=0.5-1.0 cm in plastic

Fluence accuracy: £ 5-10 % ? (depending on the Size of field min. 8 x 8 cm?

conditions) '

Phantom PMMA or RW3
Homogeneitiy of lateral <3%
distribution

Fixed correlation Dose to Fluence: Position Iso-centre resp.

dE 1 room reference point
D - (D X dx X 0 (these settings should be also used for beam monitor calibration)

Dosis [Gy] = 1.6x101° dE/dx [MeV/cm] x ® [1/cm?] / p [g/cm3]

— )0

HEARTS Knowledge Trans. meeting, GSI, 20.04.2023



Raster-scanning beam application at GSI (Cave A foot print)

Medienversorgung

ot O L
guaranteed free space

230
Gateventil m —_— !—! —— &

Target area
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Kabel zur Messhuette ~

\

Cave A 11.01.2007

D. Schardt

Scanner magnets two dipoles,

driven by fast power supplies
]
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Cave A Scanner Geometry
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Scanner dipoles

”‘?
o

HEARTS
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Scanner dipoles

Scanner parameters

d Ai : i
(2"“ dipole) Scanning capabilities
Parameter Scanner Cave A
Energies 80-1000 MeV/u (2000 MeV/u)
max. deflection angle +0.5°
lons Hto U
nominal radius p [m] 36
Intensity range 500 — 10° per spill
gap size [mm] 70
magn. flux density B [T] 0.50 Extraction Slow 1-10 s (quadrupole resonance)
magn. rigidity Bp [Tm] 18 Spill length 0.2 — 10s
Field ramp [T/ms] 55 Spill pause <2s
max. current [A] 300 Max scan area Up to 20 x 20 cm?
effective magnet length [m] 0.314
overall length [m] 0.550
Power supply bipolar
DC power loss [kW] 3.2

Typ. max scan speed : 20 m/s
]
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Raster-scanning beam application at GSI

20 x 20 cm film,
scanner irradiation

Scanning principle

rass-

polfaces Beam intensity monitor °
of dipol-magnets Parallel plate IC

(MWPC) Elektronic

tumour

Beam spots
(EJ) Xilyilni)

first magnet second magnet last layer
horizontal vertical minimum energy
scanning scanning first layer

maximum energy

Scanner Control system

14
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Raster-scanning beam application at GSI

Beam spot intensities for a 3D scan, 16 energy layers

HEARTS
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Raster-scanning beam application at GSI

Beam State

Square scan

CYE?()

ON 4

OFF 4

Animation: Tim Wagner

HEARTS

Superposition of beam spots

Gaussian FWHM
(typ. 5-20 mm)

Slice : 4

Beam has normally a Gaussian lateral beam profile

The width (FWHM) of the beam must be a multiple of scan spot distance
(for homogeneous flunce)

FWHM = 2.355x ¢ (Sigma der GauB-verteilung)

HEARTS Knowledge Trans. meeting, GSI, 20.04.2023

Irradiation plan, sphere

<?xml version="1.0" encoding="UTF-8"?>

<PTTxPlan>

<Beam uid="bee035c5-03f6-4e9c-94b9-31£f0fc484dbl">
<RstFormat>PT 2004</RstFormat>
<Patient id="ICRU23 non-human QA-ID200904221541" name="
<TxInitiation therapist="Mr. Phantomdoctor" dateTime="2
<TxRoom name="Rooml" projectile="ION" charge="6" mass="
<BAMS rippleFilter="3" rangeShifter="3" rangeShifterDis
<TxTable roll="0" pitch="0" lateral="150" longitudinal=
<Gantry angle="90"/>
<IES number="1" energy="223.56" focus="8.500">
<Voxel x="-10.000" y="4.000" particles="314969.0"/>
<Voxel x="-10.000" y="2.000" particles="314969.0"/>
<Voxel x="-10.000" y="0.000" particles="314969.0"/>
<Voxel x="-10.000" y="-2.000" particles="314969.0"/>
<Voxel x="-10.000" y="-4.000" particles="314969.0"/>
<Voxel x="-8.000" y="-8.000" particles="314969.0"/>
<Voxel x="-8.000" y="-6.000" particles="314969.0"/>
<Voxel x="-8.000" y="-4.000" particles="314969.0"/>
<Voxel x="-8.000" y="-2.000" particles="314969.0"/>
<Voxel x="-8.000" y="0.000" particles="314969.0"/>
<Voxel x="-8.000" y="2.000" particles="314969.0"/>
<Voxel x="-8.000" y="4.000" particles="314969.0"/>
<Voxel x="-8.000" y="6.000" particles="314969.0"/>
<Voxel x="-8.000" y="8.000" particles="314969.0"/>
<Voxel x="-6.000" y="8.000" particles="314969.0"/>
<Voxel x="-6.000" y="6.000" particles="314969.0"/>
<Voxel x="-6.000" y="4.000" particles="314969.0"/>

<Voxel x="-4.000" y="-8.000" particles="314969.0"/>
<Voxel x="-4.000" y="-6.000" particles="314969.0"/>
<Voxel x="-4.000" y="-4.000" particles="314969.0"/>

<IES number="2" energy="222.31" focus="8.500">

<Voxel x="-10.000" y="4.000" particles="20001.5"/>
<Voxel x="-10.000" y="2.000" particles="20001.5"/>




Raster-scanning beam application at GSI
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Raster-scanning beam application at GSI

Short demonstration at
the
Cave-A Scanner
Control System
later during the tour ....

—¥

HEARTS
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Concept for dosimetry with raster scanning @GSI

Calibration of the beam monitors and the beam application system is
performed by measuring the dose

A homogeneous scan is applied and dose is measured at the surface
* Afterwards the calibration factors were rescaled for the right dose

Scanning

magnets

Horizontal Vertical
direction direction

scanner control
unit

1

c

T

-

HEARTS

v 4

Beam monitor

Electrometer
7'y

(;/

Farmer ionization chamber
inserted into RW3 water
equivalent plastic phantom

HEARTS Knowledge Trans. meeting, GSI, 20.04.2023

? frontiers

Beam monitor calibration for
radiobiological experiments with
scanned high energy heavy ion beams at
FAIR

N : - N N '
Francesca Luoni’ 2, Uli Weber!’, Daria Boscolo', Marco Durante' 2, Claire-Anne Reidel" 3,

Christoph Schuy‘, Klemens Zink* ®, Felix Horst' 4

1GSI Helmholtz Center for Heavy lon Research, Germany, ZFestkérper-Physik, Department of Physics,

Front. Phys., 29 September 2020
Sec. Medical Physics and Imaging
Volume 8 - 2020 | https://doi.org/10.3389/fphy.2020.568145

i LT
m et PTW30013 Farmer chamber

19
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Concept for dosimetry with raster scanning @GSI

N

(I) N : lons per beam spot

d2 ® : Fluence
SCcan

also ,, dE/dx”

LET,, N  LET

Dw — P . = —
Pw dscan Pw
Dw — n . LETw n : monitor units per beam spot
2
dsca,n Pw f, : particles per monitor units

Square scan

Y e — e ————rr———

HEARTS HEARTS Knowledge Trans. meeting, GSI, 20.04.2023



Concept for dosimetry with raster scanning @GSI

Scanning

magnets

Horizontal Vertical
direction direction

unit

scanner control

HEARTS Knowledge Trans. meeting, GSI, 20.04.2023 @

Beam monitor and IFC
converts

particles = monitors units (pulses)
proportionality factor is f,

Electrometer

monitor

T
\
&
<]
Scapning Distance
pajtern [ «— between the
beam spots

IFC = current to frequency converter,
gives a pulse per charge unit
e.g. 1 pulse/pF
or
0.1 pulse / pF

Irradiation Plan :
n monitor units (pulses)
per beam spot

Farmer ionization chamber
inserted into RW3 water
equivalent plastic phantom

n LET.
D, = f.- : e
h ‘ d%can p’w

n : monitor units per beam spot
f, : particles per monitor units



Concept for dosimetry with raster scanning @GSI

Energy [MeV/u] 330

Zofion (eg. 18 for Ar) 82

. . active gap [mm] 10

Proportionality factor f, can be calculated: E-loss (interpol] -
[MeV / (mg/cm2)]

E-loss 28.98

[MeV ]

g , ] Charge per ion [fC] 169.22

C-amplification [ pC/pulse ] 0.10

f IF
e — E correction faktor: 1.00

Calib

ration factor
0.59

— 0 e [particles / pulse]

Calibr

ation factor 1.69218

[ pulse / particles ]

F : beam particles per monitor pulse
W: W-value mean energy expended in the gas per ion pair
E : energy loss per particle in the beam monitor

HEARTS HEARTS Knowledge Trans. meeting, GSI, 20.04.2023

Excel calculator can be provided
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Concept for dosimetry with raster scanning @GSI

How to measure precisely the dose ?

e (Calibration sheet from manufacturer (Co-60)
Now [Gy/C]

* Temperature and air pressure corrections: ip =

(273.2 + T)po
(273.2 + Ty)p

* Correction factor for the beam quality:

;l : lon beams
\
(Sw,ai’r)Q . PQ .

(Wa?l’r)Q

kqQ

HEARTS

(Sw?ai’r)Qo PQg (

\
Q, : Cobalt-60

ailr

S

Qo

\

P

h

otons

Syairs Water-to-air stopping power re
Pq : perturbation factor of the ionizatior
W, : W-value (energy per ion pair)

HEARTS Knowledge Trans. meeting, GSI, 20.04.2023

KALIBRIERSCHEIN

Nr. 1002299 P-Ier

PTW-Freiburg, Lérracher Str. 7, 79115 Freiburg, Germany & +49-(0)761- 49055-0 FAX +49-(0)761- 49055-70 E-Mail info@ptw.de

Kalibriergegenstand

Strahlungsdetektor

Detektor TM30013-04584

Detektortyp lonisationskammer

Kontrollvorrichtung T48012-0419

Halter 48002.3.003-1058

Hersteller PTW-Freiburg

Auftraggeber GSI - Gesellschaft far Auftragsnummer: AU1003243
Schwerionenforschung mbH Auftragsdatum :  23.06.2010
Postfach 11 05 52
64220 Darmstadt

Ergebnis der Kalibrierung

Messgrole plawe Cieliciele By

Detektor-Kalibrierfaktor Now = 5,380°10" Gy /C

Strahlungsqualitatskorrektur st ualitat Korrekturfaktor kq Unsicherheit
“Co 1,000 1,1 %

Kontrollanzeige Koo =9,414" 10 Gy/min

Isotop / Halbwertszeit sr / 28,8 Jahre

Referenzbedingungen Strahlungsqualitat: ®Co

Umgebungstemperatur: 293,2K (20°C)
Luftdruck: 1013,2 hPa
Relative Luftfeuchte: 50%
Kammerspannung/Polaritat: +400V
Sattigungseffizienz: 100 %

Kalibrierdatum
Rekalibrierintervall

25.06.2010
2 Jahre (empfohlen)

PTW-Freiburg
Physikalisch-Technische
Werkstatten Dr. Pychlau GmbH

LS9 4

(Unterschrift‘)'

Freiburg, den 28.06.2010
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Concept for dosimetry with raster scanning @GSI

TECHNICAL REPORTS SERES No. 398

Absorbed Dose Determination in
External Beam Radiotherapy

An International Code of Practice for Dosimetry

Based on Standards of Absorbed Dose to Water

Correction factor kg, for the beam quality:

Sponsored by the IAEA, WHO, PAHO and ESTRO

Q IO q] bea ms TABLE 31. CALCULATED VALUES OF k;, FOR PROTON BEAMS, FOR VARIOUS CYLINDRICAL AND PLANE-PARALLEL
/ IONIZATION CHAMBERS AS A FUNCTION OF BEAM QUALITY R

\ Beam quality R, (g/cm?)

S Tonization chamber type?®
k‘ waz*r Q pQ 025 05 1 15 2 25 3 35 4 45 5 75 10 15 20 30

(Sw,aiT)Qo PQg
N/

vl

1.024 1.024 1.024 1.024 1.024 1.024 1.024 1.023 1.023 1.023
1.034 1.034 1.033 1.033 1.033 1.033 1.033 1.033 1.033 1.032
1.028 1.028 1.027 1.027 1.027 1.027 1.027 1.027 1.027 1.026

O PTW 23323 micro —
PTW 23331 rigid —
PTW 23332 rigid —

Q
[

-~
\ﬁg

PTW 23333 — 1.030 1.030 1.030 1.030 1.030 1.029 1.029 1.029 1.029 1.028
QO CObaIt 60 photo PTW 30001/30010 Farmer — — 1.030 1.030 1.030 1.030 1.030 1.029 1.029 1.029 1.029 1.028
PTW 30002/30011 Farmer — — 1.034 1.033 1.033 1.033 1.033 1.033 1.033 1.033 1.032 1.032

PTW 30004/30012 Farmer —
PTW 30006/30013 Farmer

1.041 1.041 1.041 1.041 1.040 1.040 1.040 1.040 1.040 1.039
1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.029 1.029 1.029
1.029 1.029 1.029 1.029 1.029 1.028 1.028 1.028 1.028 1.027

Sw,air- Water-to-air stopping power ratio PTW 31003 ﬂex1le — 1029 1.029 1.029 1.029 1.029 1.028 1.028 1.028 1.028 1.027
Pq : perturbation factor of the ionization chamber
W, : W-value (energy per ion pair) kQ factors are malnly calculated

Can be verified by calorimetric measurements (graphite or water)

B —"

HEARTS HEARTS Knowledge Trans. meeting, GSI, 20.04.2023



Concept for dosimetry with raster scanning @GSI

Correction factor kg, for the beam quality:

: lon beams

Q

Q : Cobalt 60 photons

Result:

* kg factors from TRS-398 ok for E < 1 GeV/u

* kg factors to be corrected for E > 1 GeV/u (FAIR)
due to relativistic effects (S

Beam quality correction factor kg

w,air)

0.900 -

Recommendation:

Calculation of kg, fir Pb und Uranium ( - 10 GeV/u)

HEARTS Knowledge Trans. meeting, GSI, 20.04.2023 25
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S
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Q1,10
(o)}
c
a
o
8
@ 1.05 1
™
$
% 1.00
= <=5[S18====S5|S100=-
10° 10! 102 103 104
Kinetic energy / MeV/u
T ——- TRS-398
i T —— this work

Luoni et al
Front. Phys., 29 September 2020
https://doi.org/10.3389/fphy.2020.568145

FLUKA H
FLUKA “He
FLUKA 12C

FLUKA “%Ar
FLUKA >Fe

X Calorimetry '2C

lof (o] I P b

—SISlS——SISlOO—

102 103 lO4

Kinetic energy / MeV/u

PTW 30013 Farmer chamber
in water phantom


https://doi.org/10.3389/fphy.2020.568145

Concept for dosimetry with raster scanning @GSI

relative ionization

Uran 800 MeV/u depth dose curve

1.8°

o
fo)

----------- FLUKA - Bloch correction off _|
——FLUKA - all corrections on |
- —-FLUKA - Mott correction off

H+ Measurement ]

5}
polyethylene areal density / (g/cmz)

F. Horst, U. Weber et al.
Precise measurement of the Bragg curve for 800 MeV/u 238U jons
stopping in polyethylene and its implications for calculation of heavy

ion ranges

Journal of Instrumentation, Volume 17, December 2022
DOI 10.1088/1748-0221/17/12/P12019

HEARTS Knowledge Trans. meeting, GSI, 20.04.2023


https://iopscience.iop.org/journal/1748-0221
https://iopscience.iop.org/volume/1748-0221/17
https://iopscience.iop.org/issue/1748-0221/17/12

Existing Instrumentation for beam monitoring and dosimetry at GSI:
Presentation and hands-on

Dose measurements chambers o
PTW M31009 Farmer chamber (pin point)

PTW TM30013 Farmer chamber
(working horse for monitor calibration)

Bragg peak chamber Bragg Peak 150 Type 34089 PTW Octavius
N Multi ionisation chmaber Array
1500 XDR and 1600 XDR

having 1500 resp 1600
single ionisation chambers

Time resolution! 10 Hz

HEARTS




PTW Octavius 1500 XDR in Movie mode

Shifted square field at Electron Linac Varian TrueBeam
frame number:26 time:2.6s | Scanned c12 beam at HIT

ot s —

I Vide,

Rate dose (Gy/s)

— Ve P |\1akeAGIF.co

150

Video

rate_interpola... v

y position (mm) 150
select an other file and wait ¥ position (mm)

Time 4 I .T

HEARTS Knowledge Trans. meeting, GSI, 20.04.2023



Existing Instrumentation for beam monitoring and dosimetry at GSI:

Presentation and hands-on

Beam monitoring for scanning

Outlet*
HV

e N 8
Sensors 5 b

Signal |

Surface
Marks

Isolated
Adjustment

L (MWPC) Elektronic

Therapy beam monitor unit

3 x parallel plate ionisation chambers (integral beam intensity)
2 x position sensitive wire proportions chamber

MWPCs currently not available
W Readout electronic is updated
For TERAO8 Chip

Parallel plate ionisation chambers

Wma S| ) G

s N

For beam monitoring in FLASH experiments

* Gas filled (He/ArCO2) for minimum recombination
* 20 x20 cm active area

* 2x10mm gas gap

* upto2000V
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Existing Instrumentation for beam monitoring and dosimetry at GSI:
Presentation and hands-on

Beam monitoring for scanning at high intensity

SEETRAM
SEcondary Electron TRAnsmission Monitor
(highest beam intensity possible)

Parallel plate ionisation chambers, Helium/CO2 filled
up to ~5x10%° carbons ion/s (or equivalent dose)

In-vacuum detector ;
Secondary electrons emitted from the middle foil are collected by the two outer foils.
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Existing Instrumentation for beam monitoring and dosimetry at GSI:
Presentation and hands-on

Beam monitoring for scanning at low intensity

Thin (2 mm x 80 x 80 mm?2) plastic scintillator with PMT

Works well for counting particles for

- Fixed pencil beams
- small field scanning < 60 x 60 mm

up to 10°ions/s
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New project:

Development of a Scintillator based Detector for
Particle counting and Beam Position monitoring F-\IR I= 55 1l

2 — 5mmthickness

scintillator plate

BC400 material irradiation field ?1
=)
SiPM module/ :

with preamplifier

o
>

a

150 mm

0.4
0.3
0.2
0.1

0
0.1 0
-0.2
-0.3

=
©
£
=)
%20 10
8
T
o

-0.4
Beta Source Position [cm]

Uleft - Uright _ Ax
Xmeasure X U +U - v
left right Zx
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hexagonal test scintil.

Scintillator
plate & pickups

Current signals

\ 4

Preamplifiers

Voltage signals

\ 4

FPGA based DAQ
Xilinx Z7

t

| Ethernet
| control & readout

\4




GCR simulation F'\IR I= 5= 1L

1a°

1ot

i

1072

107

" -

o Q

a N
R e

T

<
&

43 mm

Differential Flux (msr s MY /Nucleon)™
0

[T Ty

IR PR TR 1
1O° 102 10* 10+ 10° 10%
Kinetic Energy (MeV /Nuclean) sea:

Simpson et al., Ann. Rev. Nucl. Part. Sci. 1983

1 1 target

Irradiation 1:

Irradiation 2: 700 MeV/u 56Fe

active energy I passive
variation modulation
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GCR simulator F'\IR EEi

Validation

<MOsS
a) Start Scintillator Tracker AE-E Telescope

Scanned *°Fe

Start Scintillator

Ripple

s6
Scanned *°Fe filter

Modulator
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GCR simulator F'\IR I= 5= 1L

AE/E Suffers if event multiplicity is high!
V ““*‘h

Nl
5] .g o /
= o counts/bin
= 74 _
= n o (d)
g _F ek )
J14] - L
k Y = 100 . : 10°
¥ = I
start scintillator (BC-400) . . B .
T _E -
beam nozzle AE scintillator (BC-400) 3 § m 80 '
graphite target E scintillator (BaF,) r_E o - 5
| @ 60| ] 107 =&
Eh I= r el = B
He ions = = . . -
. | @ = Lt . "
SIgN S5 40" 4 ¢ R R
@ [ " multiple H He
F T w S - 10
[ < 20p L cedigeee L leeger
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GSI Helmholtzzentrum fir Schwerionenforschung GmbH



GCR simulator F‘\IR I= 5= 1L

AE/E Suffers if event multiplicity is high!

time
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o5
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200
g s {d}
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GCR simulator F'\IR I= 5= 1L

Micro dosimetry (TEPC)

— GCR 700

N
%ékhﬁﬁaﬁh ~—— GCR 350
10-21 —— GCR 700 + GCR 350

1041

fly) [1/(keV/um)]

10—6 i \

U i

100 101 102 103 104
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First Discussion: How to make CERN and GSI dosimetry comparable?

Beam parameters at GSI and CERN ,:
N

GSI comments CERN *2 comments
Energies 80-1000 MeV/u Typically 2-3 energies 600- 5000 MeV/u*2 Will be improved to 70 — 8000
Actually applied : 1000, MeV/u
750, 650 MeV/u
lons HtoU typically C, Fe, U *1 Pb
Intensity range 500 — 10° per spill Depends (a bit) on the ion species =107 ions per spill
Dose rate 1 Gy/s for 10° C12 ??
Extraction Slow 1-10 s (quadrupole | Optional slow RF-KO (1 —-105s),
resonance) Fast kick out extraction (<1us)
Spill length 0.2-10s 200 -400 ms
Spill pause <2s Variable duty cycle 2 spills every 45 seconds
Delivery Scanning Arbitrary shapes Static beam position Beam shaping with collimators
and octupoles envisioned
Max area Up to 20 x 20 cm? < 5 x5 cm? for uranium Gaussian 10x10cm? Will be increased to
Rectangular 20x20cm?
Uniformity Better than £5% Trade-off between beam Will be improved to £10%
size and homogeneity
]

*1 additional ions like protons, helium might be available

HEARTS *2 CERN data taken from the HEARTS Proposal document
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First Discussion:
How to make CERN and GSI dosimetry comparable?

Selection of 1 or 2 certain irradiation cases (e.g. Fe-56 1 GeV/u squared field , 10x10 cm?)

Selection of the dosimetry detector setup (must be applicable at both facilities)
Conduction of the test at both facilities ( CERN & GSI)
Define a protocol (setup and test case) for GSI / CERN

1.) High intens scenario
2.) Low intens scenario

—

HEARTS HEARTS Knowledge Trans. meeting, GSI, 20.04.2023

Note:

For raster scanning the
monitor calibration is easier
than for a broad beam.
Even if we enlarge the field,
the monitor calibration
remains the same.

Actually, for scanning we
can enlarge the field in very
well defined way.
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